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1 . (Amended) A chemical vapor deposition (CVD) process for depositing 
borophosphosilrcate glass films on a substrate surface, the process comprising: 

disposing me substrate within a chemical vapor deposition reaction chamber; 
heating the substrate to a temperature within a range of at least 480^C to about 700°C; 
introducing a gals volume of Si02 precursors into the chamber; 
admitting a gas vcuume of ozone into the chamber; 
admitting a dopant source for phosphorus into the chamber; 
admitting a dopant source for boron into the chamber; and 
exposing a reaction volume of gases located above the substrate surface within a 
chemically reactive distance of the substrate to a high intensity light source without directly 
exposing the substrate surface to the Imht source to increase the functional atomic oxygen 
concentration and reduce the fixed charge in the deposited films, the reactant gases in the 
reaction volume taking part in heterogeneous chemical reactions, rather than homogeneous 
reactions taking place in the chamber outsidevof the reaction volume; and 

subjecting the reaction v(^ume of gas to a pressure of approximately 
200 to 760 torr during deposition of the borophosphosilicate layer. 



2, The nWhod of Claim 1 , wherein the Si02 precursor is selected from the group 
consisting of TE^S (tetraethylorthosilicate), TMCTS (^^tramethylcyclotetrasiloxane), DES 
(diethylsilane), DTB^ 
(fluorotriethoxysilane). 



(diethylsilane), DTBSv(ditertiarybutylsilane), TMOS (tetramethylorthosilicate) and PTES 



4. The method of Claim 1, wijerein the dopant source for bVon is selected from the 
group consisting of triisopropylborat^MB (trimethylborate), and TEB (triethylborate), and 
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Ihe dopant source for phosphorus is selected from the group consisting of TEPo 
(Viethylphosphate), TEPi (triethylphosphite), TMPo (trimethylphosphate) and TMPi 
(trlv^Tiethylphosphite). 

5. \ The method of Claim 1 , further comprising introducing a gas volume of a carrier gas 
into thAreaction chamber. 



6. The method of Claim 5, wherein the dopant source for boron is selected from the 
group consisting of triisopropylborate, TMB (trimethylborate) and TEB (triethylborate), and 
the dopant source for phosphorus is selected from the group consisting of TEPo 
(triethylphospkate), TEPi (triethylphosphite), TMPo (trimethylphosphate) and TMPi 
(trime thylphospnite) . 

31. A method of depositing a silicon dioxide layer on a substrate surface, the method 
comprising: 

contac\ing the substrate surface with a reaction volume of gas located above 
the substrate surface within a chemically reactive distance of the substrate, the reaction 
volume of gas comprising a Si02 precursor and ozone; 

heating the^substrate surface to a temperature of at least 480°C to about 

700X; and 

illuminating flie reaction volume of gas from a light source without directly 
exposing the substrate surfaceyto the light source to increase the fimctional atomic oxygen 
concentration and reduce the fixed charge in the deposited films, the reactant gases in the 
reaction volume taking part in heterogeneous chemical reactions, rather than in homogeneous 
reactions taking place in the chaniber outside of the reaction volume, subjecting the reaction 
volume of gas to a pressure of approximately 200 to 760 torr during deposition of the silicon 
dioxide layer. 

32. The method of Claim 3 1 , whereiK the light source comprises mercury arc vapor 
lamps. 

33. The method of Claim 3 1 , wherein the reaction volume of gas fiirther comprises a 
carrier gas. 
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34. \ The method of Claim 3 1 , wherein the reaction volume of gas further comprises a 
carriW gas selected from the group consisting of the Noble gases, nitrogen and hydrogen. 

35. The method of Claim 3 1 , wherein the reaction volume of gas further comprises a 
carrier gas comprising helium. 

36. ThAmethod of Claim 3 1 , wherein ozone comprises approximately 5% to 1 5% by 
volume of tfte reaction volume of gas. 

38. The method of Claim 3 1 , further comprising: 
subjecting the reaction volume of gas to a pressure of approximately 200 torr 

during deposition of the silicon dioxide layer. 

39. The methoq of Claim 31, wherein the Si02 precursor is selected from the group 
consisting of TEOS\(tetraethylorthosiHcate), TMCTS (tetramethylcyclotetrasiloxane), DBS 
(diethylsilane), DTBS (ditertiarybutylsilane), TMOS (tetramethylorthosilicate) and PTES 
(fluorotriethoxysilaneV 

40. The method of Claim 3 1 , wherein the reaction volume of gas fiirther comprises at 
least one dopant source selected from the group consisting of triisopropylborate, TMB 
(trimethylborate), TEB (Iriethylborate), TEPo (triethylphosphate), TEPi (triethylphosphite), 
TMPo (trimethylphosphate) and TMPi (trimethylphosphite). 

4 1 . The method of Claim 3 1 , wherein the reaction volume of gas further comprises at 
least one dopant source for t)pron selected from the group consisting of triisopropylborate, 
TMB (trimethylborate), and iEB (triethylborate), and at least one dopant source for 
phosphorus selected from the group consisting of TEPo (triethylphosphate), TEPi 
(triethylphosphite), TMPo (trimethylphosphate) and TMPi (trimethylphosphite). 

42. A method of depositing a looped silicon dioxide layer on a substrate surface, the 
method comprising: 
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contacting the substrate surface with a reaction volume of gas located above 

thfe substrate surface within a chemically reactive distance of the substrate, the reaction 

voiljime of gas comprising a Si02 precursor, ozone and at least one dopant source; 

heating the substrate surface to a temperature of at least 480*^C to about 

700°C; and 

illuminating the reaction volume of gas from a light source without directly 
exposiVig the substrate surface to the light source to increase the functional atomic oxygen 
concenw-ation and reduce the fixed charge in the deposited films, the reactant gases in the 
reactionWolume taking part in heterogeneous chemical reactions, rather than homogeneous 
reaction^ taking place in the chamber outside of the reaction volume; and 

subjecting the reaction volume of gas to a pressure of approximately 200 to 
760 torr ddring deposition of the silicon dioxide layer. 



T 

r 



J^. (Wi^^iided) A method of depositing a doped silicon dioxide layer on a substrate 
surface, comprising: 

contacting the substrate surface with a reaction volume of gas located above 
the substrate Wface within a chemically reactive distance of the substrate, the reaction 
volume of gas\;omprising a Si02 precursor, ozone and at least two dopant sources; 

the^bstrate surface to a temperature of at least 480°C to about 

700°C; and 

illuminating the^aetton volume of gas from a light source without directly exposing 
the substrate surfacato the light source to increase the fiinctional atomic oxygen 
concentration and reduce the fixed charge in the deposited films, the reactant gases in the 
reaction volume taking part in heterogeneous chemical reactions, rather than homogeneous 
reactions taking place in the chamber outside of the reaction volume; and 

subjecting the reaction volume of gas to a pressure of approximately 200 to 
760 torr during depositioAof the silicon dioxide layer. 



/ / The method of Clain\^, wherein the at least two dopant sources comprise a dopant 



source for boron and a dopant^ource for phosphorus. 



I ^ 45' (Amended) A methodW depositing a borophosphosilicate glass layer on a 



substrate surface, comprising: 
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V heating the substrate surface to a temperature of at least 480°C to about 

700X;\ 

\ contacting the substrate surface with a reaction volume of gas located above 
the substrate surface within a chemically reactive distance of the substrate, wherein the 
reaction vAlume of gas comprises: 

\ a Si02 precursor selected from the group consisting of TEOS 

(tetraethylorthosilicate), TMCTS (tetramethylcyclotetrasiloxane), DBS (diethylsilane), DTBS 
(ditertiarybuwlsilane) and TMOS (tetramethylorthosilicate); 

\ a dopant source for boron selected from the group consisting of 

triisopropylboriate, TMB (trimethylborate), and TEB (triethylborate); and 

\ a dopant source for phosphorus selected from the group consisting of 
TEPo (triethylphbsphate), TEPi (triethylphosphite), TMPo (trimethylphosphate) and TMPi 
(trimethylphosphiie); ^ — 

\ illLminating the reaction volume of gas from a high intensity light 
source without directly exposi^g^he substrate surface to the light source to increase the 
fimctional atomic oAg^nconcentration and reduce the fixed charge in the deposited films, 
the reactant gases in tke reaction volume taking part in heterogeneous chemical reactions, 
rather than homogeneous reactions taking place in the chamber outside of the reaction 
volume; and \ 

sucnecting the reaction volume of gas to a pressure of approximately 
200 to 760 torr during deposition of the silicon dioxide layer. 

(Amended) A method of depositing a fluorosilicate glass layer on a substrate 
surface, comprising: \ 

heating the substrate surface to a temperature of at least 480°C to about 
700°C; \ 

contacting the substrate surface with a reaction volume of gas located above 
the substrate surface within a chemically reactive distance of the substrate, the reaction 
volume of gas comprising a fluorinaied Si02 precursor and ozone; and 

illuminating the reaction volume of gas from a light source without directly exposing 
the substrate surface to the light sourceVo increase the fimctional atomic oxygen 
concentration and reduce the fixed charge in the deposited films, the reactant gases in the 
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reaction volume take part in heterogeneous chemical reactions, rather than homogeneous 
reactions taking place in the chamber outside of the reaction volume; and 

subjecting the reaction volume of gas to a pressure of approximately 200 to 
760Vorr during deposition of the fluorosilicate layer. 

IjAmended) A method of depositing a doped fluorosilicate glass layer on a 
substrate \urface, the method comprising: 

heating the substrate surface to a temperature of at least 480°C to about 

700°C; 

^contacting the substrate surface with a reaction volume of gas located above 
the substrate suMace within a chemically reactive distance of the substrate, the reaction 
volume of gas co\nprising a fluorinated Si02 precursor, ozone and at least one dopant source; 
and 

illuminatingVhe Veacjk6 volume of gas from a light source without directly exposing 
the substrate surfaceWfne light source to increase the functional atomic oxygen 
concentration and reduce the fixed charge in the deposited films, the reactant gases in the 
reaction volume taking part in heterogeneous chemical reactions, rather than homogeneous 
reactions taking place in me chamber outside of the reaction volume; and 

subjecting the reaction volume of gas to a pressure of approximately 200 to 
760 torr during deposition of the silicon dioxide layer. 

(Amended) A method of depositing a doped fluorosilicate glass layer on a 
substrate surface, the method comprising: 

heating the substrate surface to a temperature of at least 480°C to about 

700^C; 

contacting the substr^e surface with a reaction volume of gas located above 
the substrate surface within a chemic^ly reactive distance of the substrate, the reaction 
volume of gas comprising a fluorinateaySi02 precursor, ozone and at least two dopant 
sources; and 

illuminating the reaction volume d£ gas from a high-intensity light source without 
directly exposing the substrate surface to the light source to increase the functional atomic 
oxygen concentration and reduce the fixed charge in the deposited films, the reactant gases in 
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the reaction volume taking part in heterogeneous chemical reactions, rather than 
hompgeneous reactions taking place in the chamber outside of the reaction volume; and 

subjecting the reaction volume of gas to a pressure of approximately 200 to 
760 tok during deposition of the fluorosilicate layer. 



The method of Claim wherein the at least two dopant sources comprise a dopant 



source for feoron and a dopant source for phosphorus. 



(Amended) A method of depositing a fluoroborophosphosilicate glass layer on a 
substrate surface, the method comprising: 

mating the substrate surface to a temperature of at least 480°C to about 

700°C; 

corffeftCfiHg the substrate surface with a reaction volume of gas located above 
the substrate surfac^ witsin a^jjhMiically reactive distance of the substrate, wherein the 
reaction volume of g^s^mprises: 

Si02 precursor comprising PTES (fluorotriethoxysilane); 
a\dopant source for boron selected from the group consisting of 
triisopropylborate, TMBVtrimethylborate), and TEB (triethylborate); and 

a dSmant source for phosphorus selected from the group consisting of 
TEPo (triethylphosphate), ^EPi (triethylphosphite), TMPo (trimethylphosphate) and TMPi 
(trimethylphosphite); and 

illuminating the reactiijn volume of gas from a high intensity light source without 
directly exposing the substrate surface to the light source to increase the functional atomic 
oxygen concentration and reduce the fixed charge in the deposited films, the reactant gases in 
the reaction volume taking part inmeterogeneous chemical reactions, rather than 
homogeneous reactions taking place in the chamber outside of the reaction volume; and 

subjecting the reaction volume of gas to a pressure of approximately 200 to 
760 torr during deposition of the fluoroborophosphosilicate layer. 



51. A method of depositing a silicon^ioxide layer on a substrate surface, the method 
comprising: \ 
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the substrate surface within a chemically reactive distance of the substrate, the reaction 

volume of gas comprising a Si02 precursor and ozone; 

heating the substrate surface to a temperature of at least 480*^C to about 

700^C; and 

illuminating the reaction volume of gas from a light source comprising 
mertury arc vapor lamps without directly exposing the substrate surface to the light source to 
increase the functional atomic oxygen concentration and reduce the fixed charge in the 
deposited films, the reactant gases in the reaction volume taking part in heterogeneous 
chenmcal reactions, rather than homogeneous reactions taking place in the chamber outside of 
the reaction volume; and 

subjecting the reaction volume of gas to a pressure of approximately 200 to 
760 torV during deposition of the silicon dioxide layer. 

52. A method of depositing a doped silicon dioxide layer on a substrate surface, the 
method comprising: 

\ contacting the substrate surface with a reaction volume of gas located above 
the substrate surface within a chemically reactive distance of the substrate, the reaction 
volume of gas comprising a Si02 precursor, ozone and at least one dopant source; 

\ heating the substrate surface to a temperature of at least 480°C to about 
700^C;and \ 

\illuminating the reaction volume of gas from a light source comprising 
mercury arc vapor lamps without directly exposing the substrate surface to the light source to 
increase the functional atomic oxygen concentration and reduce the fixed charge in the 
deposited films, the reactant gases in the reaction volume taking part in heterogeneous 
chemical reactions, rather than homogeneous reactions taking place in the chamber outside of 
the reaction volume^; and 

subjeGting the reaction volume of gas to a pressure of approximately 200 to 
760 torr during deposition of the silicon dioxide layer. 



/ Jyi', (Amended) \ AnrlSfHod of depositing a doped silicon dioxide layer on a 

substrate surface, the method \on^St4^^ 
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heating the substrate surface to a temperature of at least 480*^C to about 

700°C; 

Contacting the substrate surface with a reaction volume of gas located above 
the substrate surWe within a chemically reactive distance of the substrate, the reaction 
volume of gas comprising aSj02 precursor, ozone and at least two dopant sources; and 

illuimnatina the reaction volume of gas from a light source without directly 
exposing the substrat\ surfabejp^e light source, the light source comprising mercury arc 
vapor lamps to increarserthe functional atomic oxygen concentration and reduce the fixed 
charge in the deposited fmns, the reactant gases in the reaction volume taking part in 
heterogeneous chemical reactions, rather than homogeneous reactions taking place in the 
chamber outside of the reaction volume; and 

subjecting the reaction volume of gas to a pressure of approximately 200 to 
760 torr during deposition of th^silicon dioxide layer. 



fCh 



54. The method of Claim 53, wl\erein the at least two dopant sources comprise a dopant 
source for boron and a dopant source\or phosphorus. 



